INTRODUCTION
Sorghum (Sorghum bicolor L. Moench) is one of the most important food crops of the world (Mahajan et al., 2011) , and provide bulk of raw materials for the livestock and many agro-allied industries in the world (Dogget, 1970) . It is drought tolerant which allows farmers to use one third less water than similar crops in its cultivation (Kumar et al., 2012) . Sorghum is indigenous to Africa, and many of today's varieties originated on that continent. Sorghum was also grown in India before recorded history and in Assyria as early as 700 BC. The crop reached China during the thirteenth century and the Western Hemisphere much later (Undersander et al., 2013) .
Sorghums in general can be classified into two types: Forage types (mainly for forage or animal feed) and grain *Corresponding author. E-mail: dr.lawaliabubakar@yahoo.com. Tel: +2348039657021.
types (mainly for human consumption). The forage sorghums are further grouped into four types: (a) hybrid forage sorghum, (b) sudangrass, (c) sorghum x sudan hybrids (also known as sudan hybrids), and (d) sweet sorghum. The latter is used mainly for molasses but more recently for biofuel production as well (Newmann et al., 2010) .
The estimated world production of grain sorghum in 2011 was 4,198,010 tonnes, with an average yield of 15, 274 kg/ha produced over 35,482,800 ha (FAOSTAT, 2011) . In Africa 20,780,959 tonnes were produced at an average yield of 10,623 kg/ha across 19,561,929 ha during the same period. Nigeria was ranked second in sorghum production worldwide after India in 2011 (FAOSTAT, 2011) , with production of 6,897,060 tonnes, harvested from 4, 891,150 ha at with an average yield of 14,101 kg/ha.
Yield is a complex character, which depends upon many independent contributing characters. Knowledge on type of association between yield and its components themselves greatly help in evaluating the contribution of different components towards yield, information on the nature of association between yield and its components help in simultaneous selection for many characters associated with yield improvements (Kumar et al., 2012) . To determine relationships, correlation analyses are used such that the values of two characters are analyzed on a paired basis, results of which may be either positive or negative. When there is positive association of major yieldcharacters component breeding would be very effective but when these characters are negatively associated, it would be difficult to exercise simultaneous selection for them in developing a variety (Nemati et al., 2009) .
Grain yield and fodder production in sorghum are complex characters controlled by many genes, therefore their improvement will lead to increased overall productivity in sorghum production (Sadia et al., 2001) . To exploit the potentiality of sorghum therefore several crop improvement programmes have been undertaken (Mahajan et al., 2011) . There is therefore the need to study the relationship of sorghum characters for all breeding objectives, as this will facilitate selection.
The objective of the study was therefore to determine the correlation between the traits of Sorghum land races of North Western Nigerian origin that have direct bearing with biomass improvement, with a view of using the result as a basis for selection in conventional breeding programmes. (Table 1) .
MATERIALS AND METHODS

Ten
Planting materials
The materials used in this study consisted of ten indigenous grain sorghum genotypes representing the widely grown Sorghum types in North-Western Nigeria (Table 2) which were collected by National Center for Genetic Resources and Biotechnology (NACGRAB), Moor plantation, Ibadan, Nigeria.
The experiment was laid out in a Randomized Complete Block Design (RCBD) in three replications. Each pot size was 6 × 3 m, 75 cm as inter row spacing and intra-row spacing of 30 cm and a total of 240 plants per plot after thinning. Before sowing, seeds were treated with Apron-plus 3 g/kg seed against soil fungi and insects. Sowing was on 10th of June, 2010 and 2011 respectively. Five seeds were sown in each hole. Seedlings were thinned to three plants per hole after three weeks from sowing. Hand hoeing weeding was done thrice; the first one at two weeks after sowing and the subsequent weeding were carried out at three weeks interval each.
Data collection
Data were collected on days to 50% flowering (DF), plant height (PH), leaf length (LL), leaf number (LN), leaf area index (LAI), flag leaf area (FLA), flag leaf length (FLL), total grain yield (TGY), 100-grain weight (HGW) and total biomass weight (STRAW) were recorded at both locations and during both seasons. The data was collected according to standard procedures described in the IBPGR/ICRISAT (1993) Sorghum descriptor. LAI was calculated on the basis of the length and width of the third top leaf multiplied by the coefficient of 0.71 (Krishnamurthy et al., 1974) .
Statistical analysis
Data were subjected to analysis of variance using SAS ver. 9.1 (SAS, 2004) to estimate variance for all traits. All factors (accession, block, and environment) were treated as random variables. The Pearson correlation coefficient was calculated for every pair of traits using the PROC CORR procedure.
Correlation
The correlation estimate was carried out using the formulae described by (Wright, 1921) . Phenotypic correlation: Where, = Phenotypic correlation coefficients between traits x and y; = phenotypic variance of traits x and y; = Phenotypic variance of trait x; = Phenotypic variance of trait y.
Genotypic correlation
Where, = Genotypic correlation coefficients between traits x and y; = genotypic covariance of traits x and y; = genotypic variance of traits x and y; = genotypic variance of trait y.
Environmental correlation
Environmental correlation (re)= Where, S 2 e X.Y environmental correlation between traits x and y; S 
RESULTS AND DISCUSSION
Knowledge of the relationship among yield components is essential for the formulation of breeding programmes aimed at achieving the desired combinations of various components of yield. The estimates of correlation coefficients among different characters indicate the extent and direction of association. The correlation co-efficients provide a reliable measure of association among the characters and help to differentiate vital associations useful in breeding from those of the non-vital ones (Falconer, 1981) . Results of the evaluation at Sokoto during the 2010 rainy season indicated that there was significant (P ≤ 0.05) differences between the varieties with respect to leaf number/plant, leaf length, plant height, leaf area index, flag leaf length, straw weight, 100 seed weight and total grain yield (Table 3) . There was however, non significant difference between the varieties in terms of flag leaf area. Evaluation of the sorghum varieties in Bubuche during 2011 rainy season showed significant (P ≤ 0.05) difference between the varieties in terms of leaf number/plant, leaf length, plant height, flag leaf area, flag leaf length and 100 seed weight. However, with non significance difference in leaf area index, straw weight and total grain yield (Table 4) . Evaluation of the sorghum varieties in Bubuche during 2011 rainy season showed significant (P ≤ 0.05) difference between the varieties in terms of leaf number/plant, leaf length, plant height, flag leaf area, flag leaf length and 100 seed weight. However, with non significance difference in leaf area index, straw weight and total grain yield ( Table 4) .
The combined analysis of the results across season and locations indicated significant difference (P ≤ 0.05) between the varieties in all the characters studied ( Table 5 ). The result is not surprising as Maarouf and Moataz (2009) had reported variation among sorghum genotypes developed for forage production.
Correlation analysis of the combined results revealed that leaf number (LN) has significant positive correlation with plant height (r=0.275), leaf area index (LAI) (r=0.308), and highly significant positive correlation with straw weight (STRW) (r=0.433) but negative significant correlation with flag leaf area (FLA) (r= -0.401) ( Table 6 ). This suggests selection for leaf number, plant height, leaf area index and straw weight can be carried out simultaneously, with however, an inverse selection pattern between leaf number and flag leaf area. Tesso et al. (2011) reported that, leaf number, leaf length and leaf area index had high significant and positive correlation with straws weight, plant height had high negative correlation with days to 50% flowering and 100-grain weight.
The study also revealed that straws weight have highly significant and positive correlation with plant height (0.360), leaf length (0.516), indicating that selection for the traits can be carried out simultaneously. Also Kumar et al. (2012) reported that days to 50% flowering showed positive significant correlation with stover yield per plant, and plant height showed positive significant association with 100-seed weight and stover yield per plant.
Leaf length (LL) had significant positive correlation with only flag leaf length (FLL) (r= 0.299) and highly significant positive correlation with straw weight (STRW) (r=0.516). El Naim et Mean with the same letter(s) in a column are not significantly different at 5% level of significance according to DMRT; LN, l eaf number; LL, leaf length in cm; PH, plant height in cm; LAI, leaf area index cm 2 ; FLA, flag leaf area in cm 2 ; FLL, flag leaf length in cm; STRW, straw weight in kg; 100-SWT, 100-seed weight in g; TGY, total grain yield in kg/ha. Mean with the same letter(s) in a column are not significantly different at 5% level of significance according to DMRT. LN, l eaf number; LL, leaf length in cm; PH, plant height in cm; LAI, leaf area index cm 2 ; FLA, flag leaf area in cm 2 ; FLL, flag leaf length in cm; STRW, straw weight in kg; 100-SWT, 100-seed weight in g; TGY, total grain yield in kg/ha.
al. (2012) reported that Head weight (g) had highly significant and positive correlation with hay weight, plant height, number of head per plot and highly significant negative correlation with days to 50% flowering, 100 grain weight. They reported that hay weight had highly significant positive correlation with plant height, yield weight, number of head per plot, it also had highly significant negative correlation with 100 grain weight. Plant height was also reported by the authors to have highly significant positive correlation with yield /ha. Plant height (PH) was significantly positively correlated with leaf area index (LAI) (r=0.274) and highly significant positive correlation with straw weight (STRW) (r=0.360). Flag leaf area (FLA) recorded significant positive correlation with flag leaf length (FLL) (r=0.266) and negative significant correlation with straw weight STRAW (r = -0.54) ( Table 5) . Straw weight can therefore be selected along with leaf length, flag leaf length,flag leaf area, while the length of the flag leaf has an inverse relation with straw weight. Khaliq et al. (2008) reported that flag leaf area was positively correlated with flag leaf length and play a vital role in drought tolerance. Breeding for biomass in sorghum can be carried out based on the character association observed most especially when breeding for livestock.
Conclusions
Results of this study confirmed that several traits are directly or indirectly associated with biomass yield which is important in breeding for biomass yield improvement in sorghum. The study concludes that selection for straw weight is also selection for traits such as plant height, leaf length and leaf number as they add to the final straw weight which is very important in selection for biomass yield improvement.
